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Appendix A 
Theoretical and Empirical Development of Aggregate Production Functions 
1. Cobb-Douglas Functions 
The development of the aggregate production function stems from 1928, 
when C. W. Cobb and P. H. Douglas published their seminal article entitled, 
"A Theory of Production" ( 12 ) .  The first form of the equation which they 
tested incorporated constant returns to scale but did not include any term 
for technological change. This well-known function can be written as 
(1) x = ~ ~ a ~ 1 - a  
where 
X = actual production in the manufacturing sector 
A = scale factor 
L = number of workers employed, manufacturing sector 
cx = elasticity of output with respect to labor 
K = amount of fixed capital, manufacturing sector 
The approach has been generalized to include the total private nonfarm sector, 
but the original Cobb-Douglas study was done only for the manufacturing sector 
because of data limitations. 
In his well-known article, "Are There Laws of Production?" ( 20 ), 
Douglas mentions that David Durand ( 21 ) suggested that he try estimating 
this function without imposing the assumption of constant returns to scale, 
and also that the study be expanded to include cross-section estinates; both 
of these were tried. Douglas' further results indicated that even if constant 
returns to scale were not imposed on the function, the sum of the coefficients 
a+B in the function 
(2) x = A L ~ K B  
was very close to, although slightly less than, unity. 
CY. from the cross-section data averaged only 0.63 ,  significantly less than the 
However, the coefficient 
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average of 0.77 taken from the time-series estimates. Furthermore, and probably 
more important, the value of a declined to 0 . 6 3  in the time-series regression in 
which Douglas eliminated the trend factor from each of the variables in his regres- 
sion. 
pursue the matter further. 
He mentions that this finding "may be of some significance" but does not 
The concept that generalized trend factors which were not related to 
labor or capital also contributed to economic growth could not go unattended, 
however. 
function appears to have been undertaken by Tinbergen ( 64 ) and by 
Valavanis ( 65 ) in his growth model of the U. S .  economy 1869-1953. 
Both economists wrote their equations in the now-familiar form of 
The first attempts to incorporate a time trend in the Cobb-Douglas 
(3) X = ALCIKBeYt 
and found that y ranged from 0.75% to 1.5% per year. 
different approach, Schmookler ( 
1.5% per year for the period 1909 to 1934. 
Using a somewhat 
60 ) found that y was approximately 
In the meantime, a number of very substantial studies were being under- 
taken, mostly under the auspices of the NBER, to measure the determinants of 
economic growth. Foremost among these were works by Abramovitz ( 1 ), 
Fabricant ( 25 ) and Kendrick ( 32 ). All of these studies endorsed 
the position that factors other than labor and capital were responsible for 
economic growth in the U. S .  econoqy. Clearly increases in output/manhour 
could not be explained by increases in the capital stock alone. 
The seminal attempt to handle this problem on a rigorous basis is due 
to Solow, in his famous "Technical Change and the Aggregate Production 
Function" ( 61 ).  Apparently somewhat defensive about his use of such 
a concept as the aggregate production function, Solow states that "the 
aggregate production function is only a little less legitimate a concept 
Associates, Inc. 
A- 3 
than, say, the aggregate consumption function ... A s  long as we insist on 
practicing macro-economics we shall need aggregate relationships." 
These apologies to his M.I.T. colleagues out of the way, Solow then 
proceeds to his principal development, which is "an elementary way of segre- 
gating variations in output per head due to technical change from those due 
to changes in the availability of capital per head." 
which Solow chooses is written as 
The production function 
(4) X = A(t) f (K,L) 
No attempt is made to impose the Cobb-Douglas form at this point, although 
this is the form which he actually prefers both in this article and in his 
next article, discussed below. The form chosen by Solow incorporates 
the assumption of neutral technical change, which is to say that shifts 
in the production function leave marginal rates of substitution unchanged, 
simply increasing or decreasing the output attainable from given inputs. 
If we differentiate (4) above with respect to time and divide by X ,  we 
obtain 
A x - A A + A -  af - + A -  AK af - AL 
aK x a L  x (5) - - - X A  
If we define wL and w as the relative shares of labor and capital, then K 
ax L ax  K (6) wL = x and wK = - aK 
since 
ax af ax af (7)  - =  A-and-= A -  
a L  a L  a K  aK 
we then obtain 
AX - AA AL AK 
X A + W L L + W k K  (8) - - -- 
Solow estimates a variant of this 
t h a t A  (which is, of course, our AA 
function for the period 1909-1949, and finds 
y) has increased about 1.5% per year over the 
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period,  which i s  c lose  t o  o t h e r  r e s u l t s  i n  s p i t e  o f  an embarrassing e r r o r  
i n  the  da t a  which causes  Solow t o  omit seven years  o f  data with a comment 
t h a t  "it would be b e t t e r  i f  they ( the  omitted observat ions)  could be o the r -  
wise explained away." 
A t  severa l  p o i n t s  i n  h i s  a r t i c l e  Solow h i n t s  a t  t h e  fact t h a t  h i s  method 
i s  incomplete because it does not  t a k e  i n t o  account improvements i n  q u a l i t y  
of the  labor  fo rce  o r  t he  c a p i t a l  s tock;  however, he does not  develop t h i s  
concept formally.  The concept t h a t  t echnica l  progress  takes  p lace  through 
an increase  i n  investment, which has become one o f  t h e  cornerstones of produc- 
t i v i t y  theory and measurement, was first propounded by Leif Johansen, i n  h i s  
"Subs t i tu t ion  Versus Fixed Production Coef f i c i en t s  i n  t h e  Theory o f  Economic 
Growth: A Synthesis" ( 30 ) .  Johansen's p r i n c i p a l  assumptions a r e  s t a t e d  
as follows: 
From t h e  po in t  o f  time when an amount of c a p i t a l  i s  produced, i t  w i l l  
shr ink according t o  a given func t ion  of  i t s  age. 
needed t o  opera te  t h e  c a p i t a l  and t h e  production achieved shr ink  pro- 
po r t iona te ly  ... we assume t h a t  each amount of c a p i t a l  c o n s i s t s  o f  a 
c e r t a i n  number of  i d e n t i c a l  p ieces  o r  u n i t s  which are operated i n  t h e  
same way and r e t a i n  t h e i r  product ive e f f i c i ency  during t h e i r  e n t i r e  
l i f e  time. 
The labour input  
New production techniques can be introduced on ly  by means o f  new 
c a p i t a l  equipment. 
The Johansen paper,  while thorough and accura te ,  is n o t  easy t o  fol low and 
d r i f t s  o f f  i n t o  a d e t a i l e d  d iscuss ion  of so lu t ion  of  Bernoul l i  mixed d i f fe rence-  
d i f f e r e n t i a l  equat ions.  Consequently, t h e  approach which i s  usua l ly  followed 
is  once again due t o  Solow, who, i n  h i s  i n imi t ab le  fashion has popular ized 
t h i s  e n t i r e  approach by coining t h e  term "vintagesf1 o f  c a p i t a l .  A s  a mat te r  
of fact t h e  term i s  r a t h e r  inappropr ia te ,  f o r  while wine improves with age,  
c a p i t a l  equipment c e r t a i n l y  does not .  Yet t h e  idea of v in tage  models i s  known 
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to virtually all who have toiled in the economic vineyard, while the method 
of solution for mixed differential-difference equations is still considered 
as one of the more esoteric corners of economics. 
exposition is quite a bit clearer, so we follow his approach in formulating 
In addition, the Solow 
this concept. 
Solow starts out with the by now familiar Cobb-Douglas production func- 
tion with constant returns to scale and exponential growth, i.e., 
(9) X = ALaK1-aeYt 
He then distinguishes capital equipment of different dates of construction 
or vintages. Kv(t) represents the number of machines or units of capital 
of vintage v (i.e., produced at time v) still in existence at time t L v, 
so we can write 
where A is the economic depreciation rate of capital and hence 1/A is the 
average length of life of capital. 
This implies that 
(11) x = ~ ~ a j 1 - a  e-A(l-a)t t 
where 
Y 
e (A+ l-a' I(v)dv 
J - m  
(12) J(t) = 
If h=O then this reduces to the original equation (9) above. 
Thus Johansen and Solow have introduced into the production function 
the fact that technological progress occurs largely through higher rates 
of investment; that if investment were to remain stagnant, the residual 
factor which was previously assumed to be exogenous or due to autonomous 
growth would in fact rise much less rapidly. This is known as embodied 
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technical change, since the improvements in technology are embodied in new 
capital. This assumption is now standard when working in the area of pro- 
duction functions. 
One minor di.fference exists between the Solow and Johansen approaches. 
Johansen assumes that the capital/labor ratio for each vintage is  fixed at 
the moment capital is produced and is invariant thereafter; this approach 
was later named "putty-clayft by Phelps ( 57 ) and is the more usual assump- 
tion. Solow, on the other hand, assumes that factor proportions are freely 
variable throughout the life of the equipment, a view which is not often 
utilized. 
The major attempt to introduce improvements in the quality of labor has, 
as we have seen, been provided by Denison. 
results in the manner of Solow, in which case we would have 
We could interpret Denison's 
1-a e-h(l-a)t 
(13) Xt = A '  (Lq)ta Jt 
where q is an overall index of labor quality. 
Nelson ( 53 ) has shown that the Solow function with embodied technical 
change (11) can be closely approximated by 
A x  - + (1-a) h cr v K ;  + a - A L  + (1-a) (l+vKa) - AK L K 
7 r 
(14) -- - 
i .  I 
2 
X A' 
where 
ii = average age of capital 
vK = average rate of increase in the quality of new capital goods. 
In other words, using the embodiment hypothesis does not fundamentally alter 
the Cobb-Douglas function, but does increase the coefficient attached to 
capital stock growth by a factor of (l+va). 
available, we probably have p E 0.02, a 9 17.  
While exact estimates are not 
Since (1-a) 5 1/4 under the 
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o r i g i n a l  Cobb-Douglas hypothesis,  (1-a) (l+pa) P 0.33 when embodied technica l  
change i s  considered. These es t imates  agree  very c l o s e l y  with recent  f a c t o r  
share  data .  
The q u a l i t y  of  labor  improvement term suggested by t h e  work o f  Denison 
i s  not  so e a s i l y  handled. Using t h e  same method o f  
der ive  (14) above, equation (13) can be transformed 
approximation used t o  
t o  
AK 
K + (1-a) - 
where 
= average r a t e  of increase  i n  the  q u a l i t y  of labor .  
One might t h ink  t h a t  t h e  t reatment  of uK and 1.1 
1-1L 
would be symmetrical; L 
The d i f f e rence  l ies  i n  the  fact t h a t  v K  however, t h a t  i s  not  t h e  case. 
app l i e s  t o  new c a p i t a l ,  while 1-1 a p p l i e s  t o  a l l  labor .  Hence 1-1 does not  
represent  t h e  p roduc t iv i ty  increase  embodied i n  labor  i n  t h e  same sense t h a t  
L -L -
r ep resen t s  t h i s  increase  f o r  c a p i t a l .  Thus as a p r a c t i c a l  matter, Denison 
VK 
L 
This  is accomplished 
it can then 
must make var ious  adjustments which r e s u l t  i n  t r e a t i n g  t h e  ca l cu la t ion  o f  5-1 
as i f  i t  appl ied  t o  new app l i can t s  t o  t h e  labor  force .  
p r imar i ly  by using education as t h e  p r i n c i p a l  determinant o f  P 
reasonably be argued t h a t  improvements i n  bas i c  educat ional  s tandards p r i n c i -  
p a l l y  a f f e c t  new e n t r a n t s  t o  t h e  labor  f o r c e .  
L; 
Once one has explored t h e  embodiment hypothesis  f o r  l abor  and c a p i t a l ,  
t he re  i s  l i t t l e  e l s e  which can be done with t h e  Cobb-Douglas funct ion.  
Repeated a t tempts  t o  determine whether o r  no t  t h e  assumption o f  cons tan t  
r e tu rns  t o  scale i s  j u s t i f i e d  has almost always r e s u l t e d  i n  t h e  sum of a+B 
not  s i g n i f i c a n t l y  d i f f e r e n t  from u n i t y  -- with approximately as many values  
above u n i t y  as below. The only major extension of t h e  func t ion  has been i n  
Associates, inc. 
the area of 
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adding third or fourth factors, such as land, raw materials, 
o r  in the case of Raines ( 59 ) ,  research and development as additional 
factors of production. These results are adequately summarized in Walters 
( 66 I *  
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2. CES Production Functions 
The floodgates of research were opened by the development of the constant 
elasticity of substitution (CES) production function, which lifted the restric- 
tion that the elasticity of substitution be restrained to unity, as is assumed 
by the Cobb-Douglas function. 
Chenery, Minhas and Solow ( 4 ) but was also developed independently by 
Brown and deCani ( 7 ). The CES function is derived from the relationship 
This function is usually credited to Arrow, 
' X \  - ,. w '* 
L j  \ P j  
(16) log - - a + a l o g  - 
where 
w = wage rate 
p = price of output 
u = elasticity of substitution 
This relationship, while not as restrictive as the Cobb-Douglas function, 
still assumes the following: 
a) cost minimization 
b) the existence of an aggregate production function with disembodied techni- 
cal change 
c) no adjustment lag between (X/L) and (w/p). As we have indicated in the 
text, this is a very stringent and unrealistic assumption. 
function derived from (16) is 
The usual CES 
- !- -p - d P  
(17) X = y , 6 K - P  + (1-6)L , 
i 
where 
y = parameter of efficiency 
6 = parameter of distribution 
p = parameter of substitution 
p = degree of returns to scale 1 Note that 0 = -._ 
1-p 
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The major pi tched b a t t l e  i n  t h i s  area has taken place over whether cr 
i s  s i g n i f i c a n t l y  less than uni ty;  f o r  i f  it is  not ,  Cobb-Douglas w i l l  su f f i ce .  
Once again a useful approximation by Nelson ( ) throws some l i g h t  
on the  relevance and importance of u. 
t i o n  can be c l o s e l y  approximated by 
He shows t h a t  t h e  CES production func- 
Suppose we 
AK - = 0.04, K 
2 - - AA AL AK 1 0-1 AK AL- 
+ a + (1-a) K + 7 a ( l - a )  - - - - A 0 K L  - -  
s u b s t i t u t e  some reasonable values:  - AA = 0.02, a =  2/3 ,  - A L  = 0 . 0 2 ,  
A L 
AX 
X and then solve f o r  -wi th  cr = 1 and u = 1 / 2 .  Carrying out t h e  
ind ica ted  arithmetic, we f i n d  t h a t  
A X  2 1 -= 0.02 + y (0.02) + 3 (0.04) = 3.67% For u = 1: X 
1 2 1  0.0467 - T . - . 5 (O.0?l2 = 0.0467 - 0.00004 AX X For cs = 1 / 2 :  - = 
Clear ly  the  addi t iona l  term cont r ibu tes  v i r t u a l l y  nothing. 
Nerlove, who introduces Nelson's approximation i n t o  h i s  review a r t i c l e  
on CES and r e l a t e d  production funct ions ( 55 ), then f e e l s  ob l iga ted  t o  defend 
t h e  p o s s i b i l i t y  of u # 1. H e  first po in t s  out  t h a t  t h e  r e s u l t s  may be s i g n i f i -  
can t ly  d i f f e ren t  if longer per iods of time a r e  considered. However, he o f f e r s  
no empirical  evidence of t h i s ,  and i f  w e  repea t  the  ca l cu la t ions  given above 
over a 50-year per iod,  we s t i l l  f i n d  l i t t l e  d i f fe rence  i n  the  r e s u l t s .  Second, 
Nerlove states t h a t  t h e  r e s u l t s  might be d i f f e r e n t  i f  t h e  growth rates f o r  
labor  and c a p i t a l  were modified t o  take  q u a l i t y  changes i n t o  account, but he 
admits these  f a c t o r s  a r e  probably o f f s e t t i n g .  Third, he appeals  t o  d i f f e rences  
a t  t h e  indus t ry  l e v e l ,  claiming t h a t  d i f fe rences  i n  cr among i n d u s t r i e s  may lead 
t o  s i g n i f i c a n t  effects on t h e  rate of growth, and he suggests  t h a t  high elasti- 
c i t ies  of s u b s t i t u t i o n  i n  primary production and lower e las t ic i t ies  of s u b s t i t u t i o n  
Associates, Inc. 
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i n  secondary and t e r t i a r y  i n d u s t r i e s  would be cons i s t en t  with t h e  behavior 
of t h e  labor  fo rce  i n  developed economies ( 55 , pg. 57).  
r e s u l t s  which Nerlove examines later do not  support  h i s  conjecture .  
However, t h e  
A p a r t i a l  answer t o  t h e  importance of  t h i s  s e c t o r  order  term i s  provided 
by Kmenta ( 34 ), who es t imates  a va r i an t  of  t he  Nelson approximation, namely 
3 
where y, u ,  6 ,  and p are as i n  equation (17). 
Kmenta does f i n d  the  second-order term s i g n i f i c a n t ,  al though higher-order 
terms a r e  not ,  unless u i s  g r e a t l y  d i f f e r e n t  from u n i t y  and t h e  K/L r a t i o  
is  e i t h e r  very  high o r  very  low. 
Nerlove then reviews a number o f  s t u d i e s  i n  order  t o  determine whether 
any consensus es t imate  o f  u can be obtained by ad jus t ing  t h e  var ious  s t u d i e s  
f o r  d i f f e rences  i n  da ta ,  sample per iod,  func t iona l  form, independent va r i ab le s ,  
and o the r  v a r i a n t s .  He first t u r n s  t o  c ross -sec t ion  s tud ie s ,  and analyzes  
t h e  r e s u l t s  of Arrow, Chenery, Minhas t?, Solow ( 4 ), Fuchs ( 27 ), 
Minasian ( 48 ), Solow ( 63),  Liu and Hildebrand ( 36 ) ,  and Dhrymes 
( 17 ). The f i r s t  two s t u d i e s  dea l  with in te r -count ry  comparisons, while 
t he  o the r  s t u d i e s  dea l  with two-digit  manufacturing i n d u s t r i e s  i n  t h e  U. S. 
Nerlove t r ies  t o  explain some o f  t h e  d i f f e rences  on t h e  b a s i s  of  d i f f e r e n t  
times i n  t h e  business  cyc le ,  which i s  a very sens ib l e  approach, but  then 
muffs h i s  explanat ion by i n c o r r e c t l y  r e f e r r i n g  t o  1957 as a recess ion  year.  
In  s p i t e  o f  h i s  hero ic  e f f o r t ,  no progress  is made i n  t r y i n g  t o  force  these  
r e s u l t s  i n t o  agreement. 
The t ime-ser ies  which Nerlove compares include s t u d i e s  by McKinnon (45, 
46),  Kendrick ( 32 ), Ferguson ( 26 ) ,  Maddala ( 39 ), and Lucas ( 37 ) .  
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Again t h e  emphasis is  placed on two-digi t  indus t ry  c l a s s i f i c a t i o n s  i n  t h e  
manufacturing sec to r .  While one might be inc l ined  t o  th ink  t h a t  t h e  time- 
series es t imates  might be more cons is ten t  than t h e  c ross -sec t ion  estimates 
hecause they a l l  use v i r t u a l l y  t h e  same da ta ,  t h i s  i s  emphatically not  t h e  
case. A l l  r esearchers  except Ferguson r e p o r t  negat ive u f o r  a t  least one 
indus t ry ,  and the  typ ica l  v a r i a t i o n  ranges from u = 0.03 t o  g r e a t e r  than 
u n i t y  for most i n d u s t r i e s .  Again no agreement seems poss ib le .  
While it i s  not poss ib l e  f o r  Nerlove, nor do I th ink  it poss ib l e  f o r  
anyone e l se ,  t o  reso lve  a l l  t h e  d i spa ra t e  values  of o ,  t h e  following major 
po in t s  appear t o  emerge: 
(1) 
the  simultaneous determination of  X/L  and W/P. Thus regress ing  log (X/L) 
on log (W/P), which i s  t h e  usual method, gives  f a r  d i f f e r e n t  r e s u l t s  than 
regress ing  log  (W/P) on log  (X/L). The d i f f e rences  are a c t u a l l y  q u i t e  
s t r i k i n g .  Using Monte Carlo methods, Maddala and Kadane ( 40 ) found 
t h a t  t h e  simulated value o f  u f o r  a t r u e  value of  cr = 0.4  could vary any- 
The value of CT i s  very s e n s i t i v e  t o  t h e  method o f  es t imat ing due t o  
where from 0.10 t o  0 . 6 3  depending on which dependent va r i ab le  was used and 
the  assumptions about t h e  r e s idua l  variance-covariance matrix.  For a t r u e  
value of Q = 1.6,  t he  simulated values  ranged from 0.60 t o  2.12. Thus t h e  
est imat ion of CT i s  p e c u l i a r l y  s e n s i t i v e  t o  t h e  method of  es t imat ion  used. 
(2) 
inputs .  
t he  equation 
The CES production func t ion  i s  usua l ly  wr i t t en  i n  terms of labor  
Thus t h e o r e t i c a l l y  one would expect t h e  same es t imate  o f  u from 
X (20) log (K) = at + 0' log  $1 
where 
r = r e n t a l  cos t  of c a p i t a l  
Associates, Inc. 
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However, es t imates  of u der ived from (16) and (20) g ive  s i g n i f i c a n t l y  
d i f f e r e n t  estimates, as found by Dhrymes ( 18 ) and Liu and Hildebrand 
( 36 ) .  This probably suggests  t h a t  u v a r i e s  with r e spec t  t o  var ious 
f a c e t s  of L and K and hence is not  constant  a t  a l l .  
This r e a l i z a t i o n  has l e d  t o  a number of  v a r i a n t s  of  t h e  CES func t ion ,  
which a r e  usua l ly  c l a s s i f i e d  under the  headl ine o f  VES (var iab le  e l a s t i c i t y  
of s u b s t i t u t i o n ) .  A number o f  VES v a r i a n t s  are summarized i n  Nadiri  ( 51 ).  
A l l  of  these  forms involve beginning with the  bas i c  func t ion  (16) and adding 
var ious terms. These extensions have taken t h r e e  b a s i c  forms: 
(a) 
output .  
t h i s  r epor t ,  and was i n  fact suggested a t  an e a r l y  d a t e .  However, f o r  reasons 
which are not  immediately apparent ,  t he  empir ical  i nves t iga t ions  o f  t h i s  con- 
t r a c t  Ilavebeen r a t h e r  puny i n  comparison t o  t h e  mountains o f  work centered on 
t r y i n g  t o  es t imate  "the" value of u .  
follows : 
Intertemporal changes: i npu t s  do not  ad jus t  immediately t o  changes i n  
This i s  t h e  po in t  which w e  have t r i e d  t o  stress i n  t h e  main body of  
The major developments have been as 
( i )  Use of  lagged va lues  of  (W/P) t o  d i s t i n g u i s h  between shor t -  and 
long-run e f f e c t s  of adjustments t o  changes i n  output ,  much as lagged assump- 
t i o n  i s  o f t e n  contained i n  t h e  consumption func t ion .  The lagged va lues  o f  
(W/P) can a l s o  be i n t e r p r e t e d  as a proxy f o r  expected f a c t o r  p r i c e s  i n  t h e  
fu tu re .  This  is t h e  approach used by Brown and Pe  Cani ( 7 ) and Brown 
and Conrad ( 6 ) .  
( i i )  I n t e g r a t i o n  of  sho r t -  and long-run production func t ions  wi th in  
t h e  context  of  a dynamic s t r u c t u r e  emphasizing t h e  c o s t  o f  adjustment i n  
moving from one l e v e l  o f  production t o  t h e  next.  
b ine  simultaneously t h e  e x i s t i n g  l e v e l s  of input  f o r  production i n  t h e  
F i r m s  are assumed t o  com- 
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current period and prepare for production in future periods. 
amounts to maximizing the intertemporal profit function. 
This approach 
OJ F(X(t)) - C(X(t)) - B(dX(t)) e-rt dt I o  (20) R = 
where 
R 
F(X) = production function 
C(X) = cost function 
B(dX) = adjustment cost function that depends upon the rate of  change of 
= present value of net receipts 
the inputs 
r = discount rate 
The first general mention of this approach appears to be by Eisner ( 22 ) 
in his comment to Solow's work ( 62 ); it follows his work distinguishing 
between temporary and permanent effects of changes in output and investment 
( 23 , 24 ) .  The theoretical development of this approach has also been 
advanced by Nerlove ( 55 ) and Dhrymes ( 18 ); empirical testing has been 
attempted by Nadiri and Rosen ( 52 ) .  They found that adding the rate of 
capacity utilization improved the function significantly, a result which we 
also found important in our study. 
(iii) A variant of this approach has been developed by Arrow ( 3 ) 
This model assumes that productivity of in his "learning by doing" model. 
labor is directly proportional to the familiarity of performing a given task. 
Arrow chooses as his example the manufacture of airplane frames, where the 
evidence of such an effect appears to be solid, 
not been extended on an empirical basis to estimation of production functions 
at the industry o r  aggregate level. 
However, this approach has 
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(b) Use of both labor and capital in the production function. For example, 
the invariance of u to capital intensity is tested by fitting the relation 
X W K 
(22) log (i;) = log a + b log (F) + c log (i;) 
This is the approach taken by Liu and Hildebrand ( 36 ) .  This function can 
be integrated to the form 
-d(l-b) 
ba l/b A =  
1-b 
1 
b 
B =  
- 
(1-b-c) a 
d = constant of integration 
A wide variety of other functions could easily be constructed, but this is 
the most usual formulation. 
(c) Multi-factor production functions. As in the case of Cobb-Douglas, it 
is relatively straightforward to specify theoretically additional factors; 
however, it is not straightforward to estimate them, partly because even 
the two-factor CES function poses many estimation problems. 
approach has been supplied by Hanoch ( 29 ) as 
The theoretical 
Xi w1 wi 
P P (24) log (E) = A + bl log (-) - bi log (-) 
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where 
X i  are f a c t o r  inputs  
W i  are f a c t o r  p r i c e s  
p i s  the  product p r i c e  
However, t h i s  funct ion has not ye t  been empir ica l ly  estimated. 
An important cont r ibu t ion  of a somewhat more r e s t r i c t i v e  na ture  has 
been of fered  by Brown and Conrad ( 6 ) ,  i n  which they  make a l l  t h e  para- 
meters of t h e  CES production funct ion dependent upon education and research  
expenditures.  The empirical  r e s u l t s  of t h e i r  model show s i g n i f i c a n t  effects 
for t hese  expenditures.  
In s p i t e  of  t h e  grea t  amount of t h e o r e t i c a l  and empirical  research  on 
t h e  CES funct ion,  t h e  quest ion of whether (J # 1, and hence t h e  more compli- 
ca ted  form of t h e  production func t ion  is  j u s t i f i e d ,  s t i l l  remains very much 
i n  t h e  a i r .  There i s ,  af ter  a l l ,  no good reason why t h e  extensions (a ) - (c )  
of t h e  CES funct ion  could not  be appl ied t o  Cobb-Douglas as well. While the  
approximation given by Kmenta, allowing t h e  CES funct ion  t o  be approximated 
l i n e a r l y ,  i s  a useful  one, it does serve t o  po in t  ou t  t h a t  i n  general  two- 
s t e p  o r  nonl inear  methods are required t o  es t imate  these  equations.  This 
poses severa l  addi t iona l  problems of  spec i f i ca t ion ;  t h e  problem i s . n o t ,  as 
Nerlove seems t o  th ink ,  one which can e a s i l y  be overcome by t h e  use of  l a r g e r ,  
faster, and more soph i s t i ca t ed  computers. The work of Bodkin and Klein ( 5 ) 
i n  t h e i r  nonl inear  maximum l ike l ihood estimates of  CES funct ions  r e in fo rces  
what those who have worked with simultaneous equations have long come t o  
r e a l i z e :  t h e  g r e a t e r  t he  degree of s imul tane i ty ,  t h e  g r e a t e r  t h e  dependence 
of t h e  parameter estimates on i n i t i a l  spec i f i ca t ion  of t he  model. 
i n  elegance i s  l e f t  unsupported by t h e  shaky empir ical  foundation. 
The gain 
ORIGDTAL PAGE IS POOR 
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In closing this brief review of the literature, it may be instructive 
to refer to Domar's comment ( 19 ) about Nerlove's long search for consis- 
tency among various CES estimates. Since all of Domar's comment is applicable, 
we quote it in full. 
If it was found by Nelson, as quoted by Nerlove, that sizable changes 
in the elasticity of substitution produce very small effects on the 
other variables, it should follow that relatively small changes in 
the other variables should exert strong effects on the elasticity of 
substitution. 
that the magnitude of the elasticity of substitution derived in the 
several studies jumps all over the place? 
The data being what they are, why is it surprising then 
Associates, Inc. 
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Appendix B 
Calculation of  y 
One of the key elements in this study i s  the calculation of the time 
series f o r  the rate of technological progress. As indicated on p. 49 of 
the main text, it is possible to develop a number of  different series based 
on varying assumgions about full-capacity levels of output and employment. 
We turn first to the actual series which we developed, as given in 
Table 3.1. As mentioned in the text on pp. 47-48, the series we used f o r  
f \ X / X  was based on the CEA trend series, as given in Denison ( 16 , pg. 97) 
through 1971 and updated by us through 1974. We show the 'fgapf' between actual 
and potential GNP using the CEA trend method; for purposes of comparison we 
also list the CEA series based on the unemployment rate and the Denison series, 
which we then discuss further. 
Associates, Inc. 
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1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
196 7 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
Actual 
GNP 
407.0 
438.0 
446.1 
452.5 
447.3 
475.9 
487.7 
497.2 
529.8 
551.0 
581.1 
617.8 
658.1 
675.2 
706.6 
725.6 
722.5 
746.3 
792.5 
839.2 
821.2 
Table 3.1 
Measures o f  Po ten t i a l  GNP 
CEA Trend 
* 
-17.0 
- 0.8 
- 8.1 
-17.5 
-39.1 
-27.6 
-33.4 
-42.1 
-28.4 
-27.6 
-19.2 
- 5 .0  
11.0 
2 . 2  
6.7 
- 2 . 2  
-34.5 
-41.0 
-26.3 
-12 .3  
-64.4 
Poten- 
t i a l  
424.0 
438.8 
454.5 
470.0 
486.4 
503.5 
521.1 
539.3 
558.2 
578.6 
600.3 
622.8 
647.1 
673.0 
699.9 
727.8 
757.0 
787.3 
818.8 
851.5 
885.6 
% 
Change 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3 .5  
3.5 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.0 
4 . 0  
4 .0  
4 .0  
4.0 
4.0 
4 .0  
CEA Unemployment Den i son 
Gap 
-20.2 
- 5.5 
- 1.9  
- 3.9 
-40.1 
-22.4 
-23.9 
-42.8 
-26.1 
-29.4 
-21.9 
-10.3 
4.4 
3.2 
9 .5  
11.4 
-21.7 
-45.9 
-42.8 
-27.7 
-44.3 
Poten- 
t i a l  
427.2 
443.5 
448.0 
456.4 
487.4 
498.3 
511.6 
540.0 
555 I 9  
580.4 
603.0 
628.1 
653.7 
672.0 
697.1 
714.2 
744.2 
792.2 
835.3 
866.9 
865.5 
% 
Change 
6.7 
3.8 
1 .o  
1 .9  
6.8 
2 . 2  
2.7 
5.6 
2.9 
4.4 
3 .9  
4.2 
4.1 
2.8 
3.7 
2 .5, 
4.2 
6.4 
5.4 
3.8 
-0.2 
A l l  GNP f i gu res  are  given i n  b i l l i o n s  of 1958 d o l l a r s .  
% change refers t o  the  change i n  p o t e n t i a l  GNP f o r  each category.  
- Gap 
-17.5 
0.6 
- 4.0 
-10.9 
-30.8 
-13.3 
-20.2 
-27.3 
-12.4 
-12.1 
1 .2  
12.0 
19.1 
6.0 
4.9 
- 8.2  
-27.4 
-32.1 
-23.3 
-16.7 
-66.3 
Poten- 
t i a l  
424.5 
437.4 
450.1 
463.4 
478.1 
489.2 
507.9 
524.5 
542.2 
563.1 
579.9 
605.8 
639.0 
669.2 
701.7 
733.8 
749.9 
778.4 
815.8 
852.5 
887.5 
% 
Change 
2.8 
3 . 0  
2.9 
3.0 
3.2 
2 . 3  
3.2 
3 .3  
3.4 
3.9 
3.0 
4.5 
5.5 
4.7 
4.9 
4.6 
2 . 2  
3.8 
4 .8  
4.5 
4.1 
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We then 
t h e  formula 
AX r =  - X 
and K A K t o  ob ta in  Y ,  us ing AL use  the  ca l cu la t ed  f i g u r e s  f o r  - L 
A L  
L - 2 / 3  - - 
A X  
X 
When we use -based  on 
i n  Table 3.1 and use as 
AK 
K 
1/3 - 
t h e  CEA t rend  method, w e  ob ta in  t h e  s e r i e s  f o r  y given 
the  b a s i s  of our ca l cu la t ions  throughout t h i s  study. 
Since the  methodology f o r  t h i s  procedure is  given i n  t h e  t e x t  on pp. 43-49 and 
the  supporting da ta  a r e  l i s t e d  i n  Appendix E ,  it i s  no t  necessary t o  d iscuss  
t h i s  method f u r t h e r  i n  t h i s  appendix. 
The CEA s e r i e s  f o r  p o t e n t i a l  GNP based on unemployment can be r e j e c t e d  out  
of  hand because of the  f a c t o r s  assoc ia ted  with (a) t h e  ffblow-uplt procedure asso-  
c i a t e d  with mult iplying e i t h e r  GNP o r  employment by - , and (b) t h e  problems 
with t h e  assumption t h a t  a 4% rate of unemployment s t i l l  r ep resen t s  f u l l  employ- 
ment. 
1 -u 
Thus we have not  repeated t h e  exe rc i se  f o r  t h i s  s e r i e s .  
The Denison method is  much more soph i s t i ca t ed  and deserves f u r t h e r  ana lys i s .  
Denison makes allowances fo r  increase  i n  q u a l i t y  a s  w e l l  a s  quan t i ty  o f  labor ;  
he a l s o  makes a number of adjustments t o  c a p i t a l  s tock which we do not use  i n  
OUT ca l cu la t ions .  In  addi t ion ,  Denison a t tempts  t o  f a c t o r  i n  adjustments due 
t o  economies of scale. Thus i n  determining h i s  s e r i e s  f o r  p o t e n t i a l  GNP,  Denison 
takes i n t o  account seven f ac to r s ,  which can be grouped i n t o  two general  c l a s s i f i -  
cat ions  : 
1) 
2) 
t he  same quan t i ty  of resources .  
Factor i npu t s  where the  use of  more labor  and c a p i t a l  r e s u l t  i n  higher  output .  
Total  output pe r  u n i t  of input  where an increase  i n  output  i s  obtained from 
The remainder of t h i s  appendix is devoted t o  a desc r ip t ion  o f  Denison's 
sources of  growth i n  more d e t a i l .  
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Factor Inputs 
1. Number of employed persons and their demographic composition. 
This item is used by Denison simply as a measure of the quantity of 
labor. The size of the population, its distribution by age and sex and 
the participation rate are all considered separately as factors affecting 
the magnitude of total employment. 
2. Hours worked, including the proportion of self-employed workers. 
Denison incorporates the basic assumption that hours worked by different 
groups contribute different average amounts to the value of output. 
ingly, he defines ten age-sex groups, each of which is analyzed separately. 
Denison uses earnings as weights -- a key assumption throughout his work -- 
which means he assumes that an average hour worked by one individual whose 
average hourly earnings are twice as high as another individual represents 
twice as much labor input. 
as a result of: 
Accord- 
He finds that hours affect growth if they change 
(a) 
Denison finds a shift toward part-time employment. 
(b) 
(c) Female 
workers working an increased number of hours have a negative effect on 
the index because they traditionally have received lower earnings. 
change in the relative number of full- and part-time workers -- 
change in the average hours of part-time workers. 
change in the relative number of male and female workers. 
Based on the above three factors, hours have declined and have had a negative 
effect on growth. 
ments. 
However, this finding is partially offset by two adjust- 
An efficiency offset occurs when the decline in the number of hours 
Associates, Inc. 
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worked results in an increase o r  no decrease in productivity as a result 
of reduced fatigue and boredom. 
as the intergroup shift influence. 
another may appear to reduce the aggregate number of hours worked. 
shift from farming, where long hours are recorded with low values of the 
marginal product of labor, to the manufacturing sector would not result 
in a decline in aggregate productivity but rather a structural shift in 
the labor force. Denison adjusts for this occurrence. 
A second offsetting factor is referred to 
A move from one labor force group to 
Yet a 
3. Education of employed persons. 
Denison considers this variable to be one of the key determinants of 
economic growth; this index includes the kinds of work an individual performs 
and his proficiency as a result of education. 
values of marginal products to individuals with different levels of educa- 
Denison assigns different 
ated to earnings. 
labor input by multiplying employ- 
education. The growth in employment 
tion; once again marginal products are re 
Denison then calculates his index of 
ment times hours worked times an index of 
and the increasing education of the labor 
this composite index. 
force result in an upward trend for 
4. Size of the capital stock. 
Three types of capital stock are considered: inventories, nonresidential 
structures and equipment, and land. 
of capital stock is difficult; he uses the BEA estimates for his analysis, 
including the assumption of the Winfrey S - 3  distribution for service lives. 
He also includes an additional adjustment for rising maintenance expenses and 
the deterioration of capital services with the passage of time. 
Denison points out that the measurement 
Land is assumed 
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to affect growth only if some improvement of quality can be recognized. 
Denison finds no significant changes in land quality over his sample period 
(1929-1969) so this component of the capital input index remains constant. 
His series does not take into account the extent of  utilization of capital 
but rather only considers the amount of capital in place; our calculations 
also incorporate this assumption. 
5 .  State of knowledge and economies of scale. 
Denison finds that the advance in knowledge is the biggest and most 
basic reason for the persistent long-term growth of output per unit of output; 
the results of  our study attempt to quantify his finding. 
Economies of scale are considered in some detail. The growth of markets 
allegedly brings opportunities for greater specialization allowing two impor- 
tant efficiencies -- longer production runs for individual products and larger 
transactions. 
cost yield increasing returns. However, Denison admits he is not sure whether 
this factor should be measured separately or combined with the other deter- 
minants of growth. 
Both of these items determine unit cost, and by reducing unit 
6. Improved resource allocation. 
Two fundamental misallocations of labor have traditionally existed but 
A declining demand for farm workers has led are gradually being corrected. 
to the movement of these workers to more efficient occupations. 
movement causing an improvement in resource allocation has resulted from the 
shift of underutilized nonfarm self-employed workers to fully utilized posi- 
tions as employees. 
A similar 
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7 .  Irregular fluctuations. 
Three different irregular components exist. 
(a) 
However, over the sample period the effects of this component have not 
been significantly different from zero. 
(b) 
effect on long-term patterns of growth. 
(c) 
lar components, since business cycle fluctuations strongly influence 
productivity. 
have attempted to adjust fully for this effect. 
Irregular fluctuations in farm output from factors such as weather. 
Work stoppages due to labor disputes has also had a negligible 
Fluctuations in demand are by far the most important of the irregu- 
However, all the series we have used for potential GNP 
L Associates, Inc. 
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Calculation of the Industry Mix Variable 
As stated on page 55, the industry mix variable is defined in this 
where 
IM, 
w = average level of productivity (output/man-hour) for each of  i industries it 
= industry mix variable at time t 
in the tth year 
XIPi 
XIP, 
= index of industrial production for the ith industry in year t, 1967=100.0 
= index of  industrial production for the manufacturing sector in year t, 
t 
t 1967=100.0 
The actual data used for wi and XIP for each two-digit industry (with SIC 37 
split into automotive and other transportation equipment) for 1955 to 1974 are 
shown in the following tables. 
The two digit industry codes are as follows: 
SIC 20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
371 
373 
38 
39 
Food and kindred products 
Tobacco manufactures 
Textile mill products 
Apparel and other fabricated textile products 
Lumber and wood products, except furniture 
Furniture and fixtures 
Paper and allied products 
Printing, publishing, and allied industries 
Chemicals and allied products 
Petroleum refining and related industries 
Rubber and miscellaneous plastic products 
Leather and leather products 
Stone, clay, and glass products 
Primary metal industries 
Fabricated metal products 
Machinery, except electrical 
Electrical machinery 
Motor vehicles and motor vehicle equipment 
Transportation equipment and ordnance, except motor vehicles 
Instruments 
Miscellaneous manufacturing industries 
M 
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Estimation of  Dis t r ibu ted  Lags * 
A l l  d i s t r i b u t e d  l a g  equations state t h a t  a dependent va r i ab le ,  Y ,  i s  
determined by a weighted sum o f  pas t  values  o f  an independent va r i ab le ,  X: 
n 
t-i Y = C w(i)X i = o  
T f  n, t he  number of  re levant  values  o f  X i s  small, and i f  these  successive 
pas t  observat ions are not c o l l i n e a r ,  then t h e  w( i ) ,  t h e  weights with which 
t h e  several  p resent  and p a s t  values  a r e  combined, can be est imated d i r e c t l y  
by least squares.  When n is  l a rge ,  however, or  when successive observat ions 
are too c o l l i n e a r  f o r  t h i s  s t ra ight forward  t reatment ,  i t  becomes necessary t o  
make some reasonable,  r e s t r i c t i v e  assumption about t h e  p a t t e r n  o f  t h e  weights.  
The purpose of t h e  Almon l ag  procedure is t o  choose a s e t  of  assumptions which 
makes the  ind iv idua l  l a g  c o e f f i c i e n t s  depend on a few parameters, which i n  t u r n  
can be estimated i n  some reasonably simply way. 
The " in t e rpo la t ion  d i s t r ibu t ion"  assumes t h a t  t h e  w(i)  a r e  values  a t  x=O, 
..., n of a polynomial w(x) o f  degree q+1, q<n, where n i s  t h e  number o f  per iods  
over  which t h e  d i s t r i b u t e d  l a g  extends.  I t s  est imat ion is based on t h e  fact 
t h a t  once q+2 p o i n t s  on t h e  curve a r e  known -- w(xo)=bi), w(x 1 )=b  1' * * * Y  w(xq+l)= 
b 
values  by 
-- a l l  t h e  w(i)  can be ca lcu la ted  as l i n e a r  combinations of these  known 
9+1 
9+1 
w(i)  = Z a . ( i ) b  (i=O,. . . ,n-1) 
J j ( 2 )  j =@ 
where the  a . ( i )  are the  values  o f  x = i  of  t h e  Lagrangian in t e rpo la t ion  polynomials. 
3 
* This  t reatment  follows S h i r l c y  Almon ( 2 ) .  A s  a r e s u l t  t h e  use o f  
Lagrangian i n t e r p o l a t i o n  polynomials i n  econometrics a r e  usua l ly  r e f e r r e d  
t o  as Almon l ags .  
D- 2 
(x-x,) (x-x,) ... (x-x ++ 
= (X0’XI) (x -x ) ... x -x ) ’ ao(x> 0 2  0 q+l  
(x-x,) (x-x2) ... (x-x +1) 
(x-x,) (x-x,) ..* (x-x ) 
a,(x) = (xl-xo) (x -x ) ... (x -Xq+$ 1 2  
a (x) = 
4+ 1 (xq+l-xo) (xq+l-xl) * ( x q + p q )  
Note that these polynomials have the property tha t  
a . (x . )= l  ( j = O  ,..., q+1), 
a . (x  )=0 (j#k; j = O ,  ..., q+1; k=O, ..., q+1), 
3 3  
J k  
Thus 
9+1 
w(x) = C a.(x)b 
j =O j 3 
j 
is  indeed a polynomial of degree q+l  having the  values b 
as required. Hence equation (2) is j u s t i f i e d .  Since w e  sha l l  always want 
a t  the points x 
j 
w(-l)=w(n)=O, i .e. ,  zero weights before t i m e  0 and after time n-1, we may 
take xo= -1, xq+l = n, and bo = b = 0. Then equation (2) simplif ies  t o  
9+1 
q 
w(i) = C a . ( i ) b  
j =l j ’  3 
(3) 
i = -1 0 1  2 3 4 5 6 7 8 9 
4 X X 2 .3 X 1 X 0 X 
FIGURE 1. -- Example of Langrangian Interpolation 
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Figure 1 shows with dashed l i n e s  an example o f  t h e  a 4 ( x )  f o r  q=3, n=9, 
J 
and x = -1, x =1, x =4, x =7, x =9, assuming t h a t  b =b =b The 
0 1 2 3 4 1 2 3’  
polynomial w(x), computed from (3 ) ,  is drawn with a s o l i d  l i n e .  
Subs t i t u t ing  (3) i n t o  (1) gives  
n 9 q n 
in t e rpo la t ed  
= c b C a . ( i )X t  i. 
t-i j i = o  J Y = C  c a . ( i ) b  X i = o  j=1 3 j j = l  
The b .  can now be est imated by simply regress ing  t h e  Y I t on t h e  q v a r i a b l e s  
- n a . ( i )X t  i, j=1, ..., q .  
z t j  ‘i=o j - 
The d i s t r i b u t e d  l a g  weights a r e  then ca lcu la ted  from (3).  
l ag  o r  unlagged va r i ab le s  could be included i n  ( 4 ) .  
Another d i s t r i b u t e d  
The Lagrangian i n t e r p o l a t i o n  polynomials can be u t i l i z e d  f o r  both equal 
and unequally spaced i n t e r v a l s  of t he  X 
r e s t r i c t e d  t o  t h e  case of equal ly  spaced i n t e r v a l s .  
where i n  t h e  i n t e r v a l  (0,n) the  parameter po in t s  X are loca ted ,  s ince  within i 
t h i s  i n t e r v a l  t h e r e  can be only one polynomial of  degree (q+l)  which minimizes 
the  sum of  squares.  
but econometric usage has been i’ 
I t  makes no d i f f e rence  
The parameter po in t s  do not need t o  be  in t ege r s ,  and i n  
general  they w i l l  not be.  For example, if n=13, it would not  be poss ib l e  t o  
choose any p o i n t s  X with equal ly  spaced i n t e r v a l s  which would be in t ege r s .  
Various s tandard regress ion  programs are then a v a i l a b l e  which perform 
i 
t he  following s t e p s  : 
(a) Calcu la te  t he  Lagrangian in t e rpo la t ion  c o e f f i c i e n t s  a . ( i )  as ind ica t ed  above 
3 
(b) Compute n 
Z = 2 a . ( i ) X  f o r  a l l  t > n  and j = 1, ..., 9 t i = o  3 t-i 
This t ransformation of  t he  independent va r i ab le  expands it i n t o  q v a r i a b l e s  and 
reduces t h e  number of  time s e r i e s  observat ions by n .  
%- conomet r ic 
Associates, Inc. 
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(c) Use multiple regression techniques to estimate the b for 
j 
9 
t Yt = C b. Zt + u 
j =1 ' j  
9 
(d) Use the equation w(i) = C a.(i)b. to compute w(i), i=O, 1, ..., n-1 
j=l 3 3 
(e) The standard errors of the distributed lag weights, combining both 
variances and covariances of the estimated regression coefficients, are 
calculated by 
= Bi 0 2 (Z1Z)-l Bit 
'i 
2 -1 
(ZIZ) where Bi = (bl(i), ..., b (i)) and cs 
matrix of b 
is the variance-covariance 
9 
j' 
The researcher must now exercise his option in choosing the beginning and 
ending points of the distribution and the degree of the polynomial. 
(a) The beginning point is usually set equal to either the current time 
period o r  a lag of one period. 
of two years before beginning the distribution on the R 6 D terms. 
choice of beginning point is usually based on a priori information. 
However, in this study, we have used a lag 
The 
(b) The choice of ending point is strictly empirical in nature. Theory does 
not tell us exactly how much time elapses until the total o r  cumulative effect 
of  one economic variable on another is felt. 
start with a fairly small - n and continue to add terms one at a time. 
era1 this process is halted when (i) the nth term carries the opposite sign 
Thus the normal procedure is to 
In gen- 
suggested by a priori information o r  (ii) the nth term fails to improve the 
. explanatory power of the equation. 
D-5 
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(c) 
However, the whole purpose of  this exercise is to choose a low-order poly- 
nomial to reduce multicollinearity. 
choose a quadratic; sometimes a cubic is used, but rarely a polynomial of 
higher order. 
none really exist in the true specification. The use of the Almon lag tech- 
nique does not guarantee success; many examples exist where the fit of the 
equation is worsened by substituting an Almon lag for a simple weighted 
average. 
No theoretical reason exists why one need choose any particular q<n. 
Thus for practical purposes we generally 
Even with q=2 o r  3 the formulas may produce "wiggles" where 
Thus these formulas must be applied with a modicum of care. 
E- 1 
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Appendix E 
Date 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
AB : 
ABXCP : 
B: 
BB : 
CP : 
GNPP : 
AB -
- 
- 
- 
- 
. 00 
.oo 
.oo 
.04 
.04 
.08 
.12 
.16 
.20 
.20 
.24 
.24 
.24 
.24 
-24 
Estimation of the Equations for y 
CP -BB -B - ABXCP 
. 00 2.86 0.85 85.88 
.oo 3.82 0.98 83.00 
.oo 5.66 1.16 76.70 . 00 4.14 1.42 84.02 . 00 4.53 1.72 83.20 
. 00 4.89 1.93 82.00 
.04 3.75 2.17 85.96 
.12 3.19 2.27 88.04 
.28 2.50 2.21 90.37 
.60 1.85 2.00 92.45 
1.04 1.62 1.80 93.23 
1.56 2.62 1.51 89.07 
2.08 2.53 1.24 89.54 
2.48 2.65 1.12 89.00 
2.60 4.07 1.09 82.92 
2.52 4.09 1.19 82.40 
2.28 2.98 1.39 87.00 
1.96 1.94 1.58 91.10 
1.60 2.88 1.63 86.48 
GNPP 
454 * 95 
470.83 
487.22 
504.15 
521.68 
539.80 
558.53 
578.88 
600.58 
623.08 
647.30 
673.03 
699.88 
727.88 
757.03 
787.30 
818.80 
851.55 
885.60 
- GNPPUN 
447.90 
456.40 
487.40 
498.40 
511.60 
540.00 
555.80 
580.40 
602.90 
628.10 
653.70 
672.00 
697.20 
714.20 
744.15 
792.20 
823.90 
856.90 
891.10 
Almon weighted lag distribution of NASA R & I) as a proportion of GNP 
in 1958 dollars adjusted for the nonlinear effects of capacity utili- 
zation 
Almon weighted lag distribution of NASA R 
in 1958 dollars without adjustment for capacity utilization 
D as a proportion of GMP 
Other R & D (excluding NASA R E D) as a proportion of GYP in 1958 
dollars adjusted for the nonlinear effects of capacity utilization 
Almon weighted lag distribution of other R 8 D as a proportion of 
GNP in 1958 dollars adjusted for the nonlinear effects of capacity 
utilization 
Chase Econometrics index of capacity utilization, % 
J 
Potential GNP calculation based on trend. Used in Chase Econometrics 
calculation of y 
GNPPUN: Potential GNP calculation based on a 4% unemployment rate, 1971-1974, 
estimated by Chase Econometrics 
NOTE: 
They are: .0304(t-1) + .0808(t-2) + .1091(t-3) + .1151(t-4) + .0989(t-5) + .0606(t-6) 
The Almon weights used in calculating the series shown are not normalized. 
E-2 
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Estimation of the Equations for y 
KPM Date 
255.38 1/56 99-00 107.10 902.77 1153.98 
1/57 99.10 108.20 904.78 1219.44 272.43 
1/58 99.10 109.20 938.41 1254.15 275.92 
1/59 99.30 110.30 925.11 1270.78 269.88 
1/60 99.30 111.40 929.94 1300.99 272.70 
-K - IM -IE -IAS --
1/61 99.40 112.40 943.50 1328.59 275.55 
1/62 99.60 113.40 927.84 1358.27 278.03 
1/63 99.70 114.50 923.86 1391.68 283.13 
1/64 99.90 115.50 907.54 1442.75 295.38 
1/65 99.90 116.50 891.96 1514.60 317.18 
1/66 99.90 117.60 869.89 1614.58 349.53 
1/67 101). 00 118.70 866.68 1709.20 381.55 
1/68 100.10 119.70 869.46 1788.02 401.92 
1/69 100.10 120.20 861.44 1869.60 421.85 
1/70 100.20 119.10 879.08 1953.29 439.20 
1/71 100.50 118.70 898.50 2002.48 444.07 
1/72 100.60 121.40 895.99 2060.06 444.78 
1/ 73 100.70 126.40 882.77 2133.09 455.74 
1/74 100.80 131.90 874.18 2215.56 477.49 
KPO 
446.00 
466.79 
477.82 
486.40 
497.68 
-
506.27 
518.18 
531.73 
553.42 
580.25 
615.93 
651.73 
686.75 
721.98 
758.78 
792.77 
832.51 
875.07 
912.83 
IAS: Index of quality as affected by age-sex composition ' 
IE: Index of quality as affected by education 
IM: Industry mix variable (defined in Appendix C) 
K: Total capital stock, billions of 1958 dollars 
KPM: Stock of fixed business investment in manufacturing sector, billions 
of 1958 dollars 
KPO: Stock of fixed business investment in nonmanufacturing sector, billions 
of 1958 dollars 
Associates, Inc. 
Date 
1/56 
1/57 
1/58 
1/59 
1/60 
1/61 
1/62 
1/63 
1/64 
1/65 
1/66 
1/67 
1/68 
1/69 
1/70 
1/71 
1/72 
1/73 
1/74 
-
KPS : 
L: 
EGC : 
EGM : 
LC : 
LM : 
KP S 
452.61 
480.23 
500.41 
514.50 
530.62 
546.78 
562.07 
576.83 
593.96 
617.18 
649.13 
675.92 
699.35 
725.78 
748.08 
765.64 
782.77 
802.28 
825.61 
-
E-3 
Appendix E (Cont'd) 
Estimation of the Equations for y 
L - 
60.54 
61.10 
60.85 
62.04 
63.10 
63.65 
64.84 
66.05 
67.51 
69.67 
72.92 
75.34 
77.46 
80.10 
81.48 
82.18 
84.27 
86.97 
88.99 
EGC 
7.25 
7.59 
7.81 
8.06 
8.33 
8.58 
8.88 
9.21 
9.59 
10.06 
10.77 
11.38 
11.84 
12.20 
12.56 
12.88 
13.34 
13.74 
14.28 
EGM 
2.86 
2.80 
2.64 
2.55 
2.51 
2.57 
2.83 
2.74 
2.74 
2.72 
3.12 
3.45 
3.53 
3.51 
3.19 
2.82 
2.45 
2.33 
2.23 
- 2 LC 
3.49 
3.45 
3.38 
3.55 
3.48 
3.46 
3.49 
3.55 
3.59 
3.72 
3.75 
3.65 
3.74 
3.95 
4.11 
4.25 
4.48 
4.65 
4.68 
-
Stock of nonresidential structures, billions of 1958 dollars 
Maximum available labor force, millions 
Government civilian employment, millions 
Military employment 
LM 
19.07 
19.08 
18.42 
18.68 
18.85 
18.57 
18.82 
18.96 
19.13 
19.80 
-
20.90 
21.28 
21.54 
21.98 
21.58 
20.94 
21.26 
22.06 
22.33 
Maximum available labor force in construction industries, millions 
Maximum available labor force in manufacturing industries, millions 
Associates, Inc 
Date 
1/56 
1/57 
1/58 
1/59 
1/60 
1/61 
1/62 
1/63 
1/64 
1/65 
1/66 
1/67 
1/68 
1/69 
1/70 
1/71 
1/72 
1/73 
1/74 
-
LNC : 
MMRD : 
NASARD : 
NGNPCP : 
NRDCON : 
NRD : 
LNC 
27.86 
28.18 
28.60 
29.20 
29.93 
30.48 
30.83 
31.59 
32.47 
33.37 
34.38 
35.58 
36.80 
38.46 
40.04 
41.29 
42.74 
44.20 
45.47 
-
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Estimation of the Equations for y 
MRRD -
1594.00 
1714.00 
2028.60 
2595.20 
3502.20 
4516.60 
5640.00 
6698.60 
6628.60 
6247.60 
6709.60 
7453.60 
7602.20 
7311.60 
7234.60 
7592.20 
8019.20 
8369.60 
8582.00 
NASARD 
0.00 
0.00 
0.00 
0.00 
145.20 
371. ti0 
711.60 
1622.00 
2812.40 
3651.20 
4363.20 
4614.00 
4216.40 
3738.00 
3261.20 
2810.80 
2626.40 
2459.60 
2327.60 
NGNPCP 
. 00 
. 00 
. 00 
. 00 
.049 
.130 
.180 
.330 
.428 
.402 
.393 
.634 
.510 
.440 
.567 
.472 
.296 
.167 
.227 
NRDCON 
0.00 
0.00 
0.00 
0.00 
140.56 
355.24 
672.60 
1513.40 
2588.72 
3293.84 
3829.04 
3924.32 
3448.16 
2915.68 
2411.24 
1988.80 
1797.72 
1594.16 
1367.32 
NRD 
0.00 
0.00 
0.00 
0.00 
0.29 
0.72 
1.28 
2.76 
4.44 
5.32 
5.80 
5.80 
4.88 
4.00 
3.32 
2.68 
2.28 
1.88 
1.68 
-
Maximum available labor force in nonmanufacturing', nonconstruction 
industries, millions 
Total military R 6 D, millions of current dollars 
NASA R 6 D, millions of current dollars 
NASA R E D as a percentage of GNP in 1958 dollars adjusted for 
nonlinear effects of capacity utilization 
NASA R 6 D, millions of 1958 dollars 
millions NASA R E D as a proportion of actual GNP in 1958 dollars (billions 3 
Associates, Inc. 
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Date 
1/56 
1/57 
1/58 
1/59 
1/60 
1/61 
1/62 
1/63 
1/64 
1/65 
1/66 
1/67 
1/68 
1/69 
1/70 
1/71 
1/72 
1/73 
1/74 
- OMHMAX 
1.90 
1.90 
1.90 
1.90 
2.90 
2.90 
2.90 
3 . 1 3  
3.70 
2.92 
3.47 
2.13 
2.13 
1.92 
1.92 
1.92 
1.92 
2.35 
2-00 
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Estimation of the Equations for  y 
ORDCON 
9024.47 
10166.15 
10858.14 
12316.77 
13150.82 
13507.07 
14133.65 
14694.66 
15068.99 
15144.61 
15711.10 
16183.71 
17094.05 
17496.54 
17215.38 
17352.84 
18194.43 
18258.09 
17489.26 
ORD 
20.23 
22.47 
24.27 
25.88 
26.96 
27.17 
26.68 
26.67 
25.94 
24.51 
23.87 
23.97 
24.19 
24.11 
23.83 
23.25 
22.96 
21.76 
21.30 
- OTHRD 
8483.00 
9912.00 
10850.00 
12520.00 
13584.80 
14128.40 
14953.40 
15749.00 
16402.60 
16787.80 
17902.80 
19028.00 
20902.60 
22431.00 
23283.80 
24525.20 
26581.60 
28170.40 
29772.40 
TOTRD 
8483.00 
9912.00 
108S0.00 
12520.00 
13730.00 
14500.00 
15665.00 
17371.00 
19215.00 
20439.00 
22266.00 
23642.00 
25119.00 
26169 00 
26545.00 
27336.00 
29208.00 
30630.00 
32100.00 
X 
-0.27 
-0.24 
2.00 
0.75 
1.51 
1.96 
0.50 
1.73 
0.40 
1.14 
0.53 
0.76 
0.59 
- 
-0.32 
-0.44 
2.34 
2.21 
1.23 
1.17 
OMHMAX: Maximum productivity 
ORDCON: Total R & D excluding NASA R & D, millions of 1958 dollars 
ORD : Total R & D excluding NASA R 8 D as a ratio to real GNP in 
1958 dollars 
Total R E D excluding NASA R & D, millions of  current dollars OTHRD: 
TOTRD: Total R & D, millions of current dollars 
X: Denison's gamma 
x2 : Chase Econometrics trend series f o r  gamma 
x2 
-C. 25 
-
0.98 
2.81 
1.73 
1.54 
2.19 
1.48 
1.58 
1.04 
-0.05 
-1.42 
-0.19 
0.57 
0.21 
1.36 
2.58 
1.35 
0.68 
1.16 
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I I 
y = -0.71 + 0.318 C Ai (NRD)-i + 0.046 C A. (l-cp> + 0.029 ( I M - 3 )  
(1 -cp) 1 i=O i=O 
- 0.158 (Cp-Cp) 
(3.71 
-2 R = 0.883 
DW = 1.94 
E- 7 
/ / 
y = 0.19 + 0.283 C Ai (NRD)-i + 0.026 C Ai (ORD)-i 0 + 0.030 (IM-IM) 
i = O  1=0 U-CP) 
- 0.134 (Cp-F) 
(3 .1)  
ii" = 0.888 
DW = 1.89 
E-8 
7 7 
y = -0.49 + 0.299 C Ai (NRD) + 0.031 C Ai (ORD) + 0.030 (1M-m) 
i = O  -i i = O  -i ( 1 - F )  
(3.8) 
- 0.137 (Cp-q) 
(4 - 4) 
-2 R = 0.887 
DW = 1.89 
(3 .0 )  
r) . N  
I I I m nJ 
E - 9  
7 7 
i = O  i = O  
y = -0.25 + 0.312 Ai (NRD) + 0.031 Ai (ORD) + 0.031 (IM-m) 
( 1 -63 -i -i 
(3.5) 
- 0.131 (Cp-Cp) 
14-11 
-2 R = 0.861 
E- 10 
/ I 
y = -1.80 + 0.426 C Ai (NRD) + 0.074 C Ai (ORD)-i  (l-cp) + 0.031 ( I M - z )  
(1 -GI -i i=O i = O  
- 0.157 (Cp-Cp) 
(3- 1) 
-2 R = 0.883 
DW = 1.96 
E - 1 1  
/ 1 
y = -0.24 + 0.492 C Ai (NRD)-i (l-cp) + 0.041 C Ai (ORD) - (1-Cp) + 0.029 (IN-m) 
i = O  ( 1 -GI i = O  -i (1-cp) 
(4 - 2) 
-2 R = .875 
DW = 1.88 
(3.9) 
m cu rl rl fu 
I I 
! 
E-12  
I / 
Y = -0.97 + 0.542 C Ai (NRD) + 0.043 C Ai (ORD) (1-Cp) + 0.029 (IM-TM) 
-i 
(l-cp) (1 -GI i = O  
-i i =O 
(3.2) (1.2) (3.91 
- 0.158 ( C p - q )  -2 R = .853 
DW = 1.69 (2  - 9 )  
8 8 8 8 
E-13 
7 7 
I I 
y = -0.44 + 0.330 C Ai (NRD)-i + 0.045 C Ai (ORD)-i ('-3) + 0.029 (IM-G) 
i = O  i= 0 ( l - C P )  
- 0.157 ( C p - F )  
( 3 . 2 )  
( 2  * 8) 
-2 R = .867 
DW = 1.79 
4 cu 
I I m N 
E-14 
I 
y = -2.67 + 0.591 Ai (NRD)- i  + 0.099 Ai (ORD)-i + 0.029 ( IM-z)  
i = O  i = O  (l-CP) 
- 0.163 (Cp-Cp) 
(2.8) 
E2 = .863 
DW = 1.98 
8 8 8 8 8 
Associates, Inc. 
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Ten-Year Forecast of the U. S. Economy 
The calculations which we have undertaken to estimate the effect of 
increased NASA R f, D spending on the economy are not invariant to the over- 
all background of economic activity. While the results would not be greatly 
changed if we predicted a return of the U. S. economy to full employment 
during the next few years, it is still instructive to indicate the path 
which we see economic activity following until 1984. Thus in this appendix 
we describe in some detail the factors which we see influencing the outlook 
for the next ten years. We then present the complete tables of this ten-year 
simulation. 
NASA R & D spending are found in Appendix G. 
Analogous tables for the simulations incorporating increases in 
The outline of our views for the next ten years can be summarized as 
follows : 
1) 
from mid-1975 through the end of 1976. 
increase at an .annual rate of better than 6%. 
fluctuate in the 6-8% range, with quarterly changes caused primarily by 
widely fluctuating food and fuel prices. 
will not enter a period of credit stringency as the so-called crowding out 
The economy is expected to enter a period of rapid growth for the period 
During this period real GNP will 
The rate of'inflation will 
Interest rates will rise but we 
problem fails to materialize in this time period. 
2) 
worse. 
due to sharp increases in both commodity and labor costs. 
of tight money will be the result both of rapidly increasing loan demand 
and greater monetary stringency by the Federal Reserve System. Sporadic 
Beginning in 1977 the economic scenario will take a sharp turn for the 
The rate of inflation will reaccelerate to the double-digit range, 
A new period 
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shortages, particularly in the area of electric power, will begin to appear. 
The fear of renewed shortages, coupled with the expectation of the return 
of wage and price controls, will lead to excess purchases of inventories 
and inflationary psychology, which will intensify the upward pressure on 
prices. 
in 1978, which will last into 1979 as well. 
All these factors will combine to produce another major recession 
3) The crystal ball becomes somewhat cloudier after this. 
through its elected officials in Congress, awakes to the realization that 
If the public, 
a sluggish growth in productivity is at the root of the inflationary spiral, 
the economy will tilt in favor of more investment and R 6 D spending, 
which will gradually return the economy to full employment with a modest (5%) 
rate of inflation. This is the scenario pictured in our standard forecast. 
On the other hand, if the response of the public and Congress is to tilt 
even more heavily in the direction of greater private and public consumption, 
the U. S. economy is likely to follow Great Britain down the road to zero 
per capita real growth. 
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VIGOROUS RECOVERY THROUGH 1976 
As of July 1975, the economic community is unanimous in proclaiming 
that the most severe postwar recession has come to an end, but not nearly 
so certain of the course that the economic upturn will follow. We expect 
that growth in real GNP will average better than a 6% annual rate for the 
six-quarter period 1975.3 - 1976.4. 
is based on the following points. 
I 
Our view of this fairly robust upturn 
1) The unprecedented reduction in inventory stocks during the first half 
of this year has finally resulted in a situation where most firms are now 
approaching equilibrium stock/sales ratios. 
figures are peculiarly vulnerable to revision, it is likely that the 
decumulation of stocks proceeded at greater than a $20 billion rate during 
the first half of 1975. 
$10 billjon during the second half of the year, and predict that inventory 
investment will once again become positive during 1976, albeit at modest 
rates. This dramatic turnaround in inventories will be one of the major 
factors contributing to the rebound of the economy. 
While the inventory investment 
We expect this figure to moderate to less than 
2) 
to substantial gains in real disposable income. 
Consumer spending will once again start to move upward, due primarily 
It should be stressed that 
the gains in consumption stem from a surge in income rather than a more 
positive attitude on the part of consumers themselves. 
will finally begin to rise faster than prices for this six-quarter period, 
and that employment will increase by three million workers per year during 
the next two years. In addition, the tax cuts and rebates passed earlier 
this year will have some positive effect on consumption; we estimate that 
We expect that wages 
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for every dollar in tax reduction, one-third is spent in the first quarter 
and one-half is spent during the first year. 
current tax reductions will be extended if not expanded in 1976. 
We also anticipate that the 
In four of the five previous postwar recoveries, the personal savings 
rate has declined as consumers feel more ebullient about the economy and 
increase their purchases of durable goods. 
any such decline during the next two years. In fact, our forecast of the 
savings rate calls for an increase from 7.9% in 1974 to approximately 10% 
for both 1975 and 1976. 
tively to the good economic news as they have in the past. Even so, we 
expect consumption in real terms to rise about 3.5% over this period, which 
translated to about an 11% increase in current dollars. 
However, we are not predicting 
Thus we do not expect consumers to react as posi- 
3) 
of 1.0 million starts to 1.5 million starts by yearend and average 1.6 
million starts in 1976. The reasons for this rebound focus on both the 
easing of monetary conditions since the credit crunch of last fall and the 
upturn in disposable income. While a 1.6 million level for housing starts 
Housing starts will rebound sharply from their recent depressed level 
is well below the peak levels of 2.5 million starts reached in early 1973, 
it does represent a 60% increase over the first quarter average. This 
increase will be sufficient to serve as another major source of upturn 
in economic activity. 
4) 
activity, both during the upswing and the downswing. 
if any growth in this component of GNP during the remainder of this year. 
However, during 1976 we expect an increase of at least 10% in real terms, 
Plant and equipment spending invariably lags the cycle of economic 
Thus we expect little 
Associates, Inc. 
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as increased consumer spending results in upturns in sales and convinces 
businessmen that modernization and expansion plans will once again be 
profitable. 
5) 
after the 1976 election. 
the 1975 Tax Reduction Act will be extended if not expanded, and that govern- 
ment spending will exceed the limits promulgated by President Ford. 
result, we predict that the Federal government budget deficit will be approxi- 
mately $80 billion for both fiscal and calendar 1976. This record deficit 
will cause both short and long-term interest rates to rise during the next 
six quarters, but credit stringency will not become a problem until 1977. 
Thus the recovery can proceed apace, unhampered by shortages of credit in 
the sensitive construction and consumer durable goods sectors. 
Both fiscal and monetary policy are expected to remain stimulative until 
We ebect that the present tax cuts contained in 
As a 
THE RETURN OF DOUBLE-DIGIT INFLATION 
Unfortunately, this relatively optimistic forecast of, real growth is 
accompanied by a worsening in the rate of inflation. 
in the consumer price index (CPI) during the past three months has been 5.3%, 
yet we expect it to rise to an average rate of 7 to 8% during the next six 
quarters. The 7-8% inflation forecast for the next two years is a crucial 
precursor of the eventual return to higher levels in 1978 for a number of 
reasons. First, if inflation does not dip below this range, the stage will 
The rate of increase 
be set for even larger wage demands when demand strengthens and unemployment 
declines. 
policies and higher interest rates, hence reducing the ex ante demand for 
Second, a higher rate of inflation will lead to tighter monetary 
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investment goods and thus exacerbating the capital shortage. 
high rate of inflation will continue to shift resources to the government 
Third, a 
sector, leaving less private savings available to support a capital goods 
boom. Thus we find it useful to examine the movements in overall infla- 
tionary trends for the next two years. 
1) 
during the past two months, and will rise another 4% by yearend. 
prices except for beef are high and rising because of decreased supplies 
stemming from unfavorable meat/grain price ratios last year; beef prices 
are rising because of the recovery in the economy and the close relationship 
of beef prices to disposable income. 
major grains this year, these record harvests have now been entirely discounted 
by the commodities markets, and further declines in grain prices this year are 
not expected. 
Prices received by farmers have risen 9% (actual amount, not annual rates) 
Livestock 
While bumper crops are expected for all 
In addition we point out that the sharp increase in prices of fuel, 
fertilizer, and other agricultural chemicals, plus the recent slide in grain 
prices, has resulted in a narrowing of farm margins to the point where pro- 
spective plantings for 1975 are below the peak levels reached in previous 
years for all major crops except wheat. In view of the fact that various 
pundits were gloomily prophesying mass starvation less than a year ago, it' 
seems premature to suggest that we are now headed for another worldwide glut 
of food grains and feed crops. While we do not expect food prices to return 
to peak 1973 and 1974 levels this year, neither do we expect them to decline 
to the 1971-72 range again. 
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Ordinarily a 13% increase in farm prices 
increase in retail food prices in addition to 
between farm and retail prices, with some lag 
would translate into a 4% 
the normal widening of spreads 
usually attached to this change. 
Thus while the CPI for food has risen only 0.3% in the past two months, we 
expect it to increase an additional 5% by the end of the year. 
2) Petroleum prices will be increasing substantially during the rest of the 
year due both to further OPEC action and domestic demand considerations. The 
argument that OPEC oil prices would drop this year was never based on any 
detailed empirical research but rather a feeling that since cartels had 
always fallen apart in the past, the same fate would befall the OPEC nations. 
In the long run this may yet prevail; yet we see virtually no chance of it 
occurring over the next business cycle. 
is down 10% since 1973 and oil storage facilities are literally sinking into 
the ground from overloading; yet there is little if any evidence that oil 
prices are headed in a downward direction. 
by Algeria and Libya simply returned oil prices to the prevailing world level 
and did not represent a cut in the standardized cartel price. 
nations have indicated that they plan to tie increases in the price of oil 
to a general index of worldwide commodity inflation; we see no reason not 
to accept this basically pessimistic forecast. 
collapse in the near future, it would have already been affected by the sharp 
decline in demand. 
pressures occasioned by the most severe postwar worldwide recession, it 
Worldwide consumption of petroleum 
The recent adjustment in prices 
The OPEC 
If the cartel were going to 
If $ll.OO/bbl. oil can stand up to the slump in demand 
certainly should have no trouble staying at that level during the coming boom. 
We also point out that the assassination of King Faisal removes one of 
the more powerful arguments for expecting a decline in oil prices. Saudi 
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Arabia had been at the forefront of those countries who suggested that at 
least a modest decline in oil prices would best serve the interests of OPEC, 
a view which was not shared by the majority of its members. 
it is likely that the violent death of Faisal is only the first of several 
serious disruptions in the oil-rich nations of the world. 
historical framework, we find that countries which have undergone rapid 
changes in wealth and income distribution have often suffered concomitant 
bursts of social violence and disorder. Thus we would not be surprised if 
unrest or even revolution were to sweep other OPEC nations in the next few 
years. 
embargoes of oil exports for a limited period of time. 
Furthermore, 
Viewing the longer 
If such events occur, they might well be accompanied by cutbacks or 
While these disrup- 
tions would not be sufficient to create significant worldwide shortages of 
petroleum, they would undoubtedly lead to panic among buying nations, who 
would then rush to purchase additional quantities of oil. 
behavior would definitely strengthen the resolve of the OPEC countries not 
to lower the price of their product. 
This unseemly 
Turning to more specific forecasts of petroleum prices during the next 
year, we first note that gasoline prices have already gone up about 2t#/gallon 
recently and it is likely they will rise another 3t#/gallon this summer due 
to sporadic shortages. Second, the OPEC nations will certainly raise the 
price of oil by at least $l/bbl. this fall; $2/bbl. is also a likely possi- 
bility, although $4/bbl. all at one time does seem rather remote. Every 
$l/bbl. increase in imported oil is expected to raise the price of gasoline 
lt#/gallon. 
price of old oil, although here we have assumed that the existing price 
control mechanism will be extended until the end of the year. 
that every $l/bbl. increase in the price of old oil will raise the price of 
Third, some steps will eventually be taken to deregulate the 
We estimate 
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gasoline by 0.6Q/gallon. 
old oil prices are likely to rise at least $2 to $3/bbl. in the first step 
when controls do come off. 
not the only way in which higher fuel costs add to increases in the CPI. 
Since virtually every industry uses some petroleum products, these are 
passed along as higher costs of doing business. 
gasoline in the CPI is only 3.4%, meaning that a 2% increase in gasoline 
prices would raise the CPI only 0.07% on a direct basis, a $l/bbl. increase 
in petroleum prices actually raises the CPI by 0 . 2 % .  
While this may not seem like a very large amount, 
In addition, increases in gasoline prices are 
Thus while the weight of 
Finally, one cannot ignore the fact that the prices of alternative 
Coal prices are expected to sources of fuel are also climbing rapidly. 
double during the next few years, due to a combination of sharply higher 
labor costs, higher transportation costs, and increased environmental and 
safety regulations. 
this represents no guarantee that production will be any higher then than 
Natural gas prices will probably triple by 1980; even 
it is now. Alternative sources of oil, such as the North Sea and offshore 
drilling in the U. S., are likely to cost as much as OPEC oil by the time 
sharply escalating construction costs have been considered. The world is 
running out of cheap fuel somewhat faster than even the pessimists had 
imagined two years ago, and hence OPEC is not likely to have to face the 
problem of increased competition from cheaper sources of fuel. 
3) 
cate significant increases in those areas during the 1975.3 - 1976.4 period. 
These prices have already started to rise in spite of a 15% annual rate 
decline in the world index of industrial production during the previous two 
quarters. 
The recent patterns of worldwide industrial commodity prices also indi- 
Such increases are undoubtedly a precursor of strong worldwide 
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demand and a possible resumption of shortages next year. The U. S., Germany 
and Japan have all moved toward significantly easier monetary and fiscal 
policies during the past six months, which will result in strong surges in 
demand by next year. 
begin to rise rapidly when economic growth once again turns positive. 
expect, for example, that the price of fabricated steel, copper and aluminum 
products will rise approximately 20%, 8% and 19% respectively during 1975 
and 1976. This will be caused by higher fuel costs, which we have already 
discussed, higher labor costs, which we discuss next, and the high costs of 
meeting environmental standards. Third, the lingering fear of another Middle 
East outbreak has probably caused some speculative activity on a worldwide 
level. 
Second, costs of production for basic metals will 
We 
4) During each previous postwar recovery, long-term interest rates have 
either been steady or falling. However, this time we expect them to rise 
approximately 200 basis points from mid-1975 to the end of 1976. This is 
due not only to the quickening rate of inflation, but also $he $80 billion 
Federal budget deficit expected for fiscal 1976. 
private sector will also increase along with the recovery, but this is normal; 
the abnormal factors are the continuing huge deficit -- even more unusual in 
recovery than in recession -- and the return to higher rates of inflation: 
The effect of higher interest rates raises prices both directly, through 
higher mortgage rates in the CPI, and indirectly, through higher costs of  
doing business in general. 
long-term rates will raise the CPI by 1.5%. 
Demand for loans in the 
We estimate that a 200 basis-point increase in 
5) 
inflation during the next two years, as the ratio of incremental investment 
The cost of environmental controls represents another major cause of 
L Associates, Inc. 
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for pollution control purposes is now nearing its peak because most of the 
current regulations must be implemented by 1977. 
which we did for the EPA and CEQ, we estimated that environmental controls 
would raise prices 2% during 1976, the peak year for such purchases. 
results were obtained using the EPA's own estimates of costs, which a number 
of industry sources have suggested are understated. By comparison, the 
increase in prices expected from this source in 1975 is just about 1%. 
In a number of studies 
These 
6) 
increase their contributions to pension funding considerably. 
have any precise figures in this area, and we understand that the IRS 
regulations, although they have been issued, are subject to so many ambi- 
guities that it will be years before the exact contribution requirements 
have been established. 
culated, and we have estimated that this new law increases labor costs by 
approximately 1% per year. 
Due to the Pension Reform Act of 1974, many companies will have to 
We do not 
Even so, some rough guidelines can already be cal- 
7) 
even if the economy remains sluggish and even if the unemployment rate 
remains above 9%. 
with what is usually called the Phillips curve. 
The increase in wage rates will continue at approximately a 10% rate 
In order to reach this conclusion, we need to dispense 
The tradeoff between full employment and price stability is usually 
known as the Phillips curve, named after Professor A. W. Phillips who 
introduced this concept in 1958 ( 58 ). The basic theory behind this 
concept centers around the dynamics of the labor market. 
is at full employment, most new job opportunities can be filled only by 
hiring individuals away from their present employment by offering them 
When the economy 
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increased wages. 
will find it easy to bargain for higher wages on the threat of moving to 
Furthermore, those workers who stay on their present jobs 
other positions. As the unemployment rate begins to increase, employers 
find that they can hire a greater proportion of their workers from the ranks 
of the unemployed; in that case they need not offer more than the going wage. 
Thus as unemployment increases, wage bargains diminish in size. 
In addition to all this, wags bargains also contain an element reflec- 
ting previous increases in the cost of living. In other words, the Phillips 
curve is three-dimensional rather than two-dimensional; wage rates are related 
both to the lagged rate of unemployment and the lagged change in consumer 
prices. However, this still does not invalidate the argument that for a 
given level of inflation, higher unemployment will result in smaller wage 
increases. 
So far there is nothing wrong with the argument, and in fact as the 
unemployment rate fluctuates' between 4% and 6% we have noticed a definite 
pattern for wage bargains to vary accordingly during the past twenty years. 
However, the argument breaks down, or perhaps we should say' flattens out, 
when the unemployment rate rises so high that virtually all positions in 
the labor force can be filled by hiring from the ranks of the unemployed. 
Given the present institutional structure of the labor market and unemploy- 
ment compensation insurance, virtually no worker will accept employment at 
less than his previous wage. 
position if he settles for wage increases which are less than recent increases 
in the cost of living. 
Furthermore, no union leader can maintain his 
Thus regardless of how high the unemployment rate 
goes, the lower boundary to wage bargains will be set by the recent average 
rise in the CPI. In other words, the reduction in wage increases due to 
higher unemployment flattens out with unemployment over 8%.  
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8 )  The U. S. economy is faced with a serious slowdown in the rate of growth 
of productivity. This trend is a continuation of events which have occurred 
during the past two years, largely as a result of decreasing R & D expendi- 
tures and declines in productive investment. For the period 1947 to 1966, 
the officially published BLS series on output/manhour increased at an average 
annual rate of 2.9%. 
for the period from 1966 to 1974. 
By comparison, this figure grew at a rate of only 1.4% 
This particular comparison may be unfair in the sense that both 1947 
and 1966 were full employment years while 1974 was a recession year. 
is a valid argument since productivity invariably declines during recession 
years, as changes in employment lag changes in output. Thus we have estimated 
what labor productivity would be in 1977 if it increased at the same rate 
that it had in previous postwar recoveries. 
This 
Let us assume that productivity increases at a 3.1% rate for the ten- 
quarter period 1975.3 to 1977.4; this is the average increase during postwar 
recoveries. 
give this argument the benefit of the doubt, we still find that productivity 
would have increased only 1.7% for the period 1966-1977, down from 2.9% for 
the earlier postwar period. 
This is substantially higher than we expect; but even if we 
Yet these figures overstate the true increases in productivity because 
they understate the estimate of manhours which forms the denominator of the 
output ratio. 
manhour 
employees, it can easily be determined that the actual growth in produc- 
If one simply calculates a man-hour index based on all 
tivity since 1966 has been 0.6% lower than the published figures. 
indicates that productivity has risen no more than 0.8% per year for the 
This 
period 1966-1974, and would rise no more than 1.1% per year for the period 
1966-1977 even if productivity were to show a strong upward swing in the 
forthcoming recovery. 
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A number of factors have contributed to this decline in productivity. 
First, the ratio of fixed investment to GNP in constant prices has been 
gradually decreasing over the postwar period. 
the ratio was 16.8%, in the mid-1950's it was 15.7%, in the mid-1960's it 
In the early postwar years, 
had declined to 14.6%, and in the latest investment vtboomfl it was only 14.4%. 
This decline has been most substantial in the primary goods industries -- 
iron and steel, nonferrous metals, fabricated metals, paper, chemicals, and 
petroleum. It has been due to lower expected rates of return, which are tied 
directly to lower profit margins, to higher interest rates, and to the three 
credit crunches of the past ten years. 
part of the blame for the decline in the ratio of investment to GNP. 
Clearly monetary policy must share 
Second, an increasing part of total investment has been spent for meeting 
pollution, safety, and other environmental restrictions. The official EPA 
figures undoubtedly understate the true magnitude of expenditures for pollu- 
tion control, since they represent only "incremental" costs, i.e., those 
expenditures which were made over and above improvements in facilities which 
would have occurred anyhow. It is not always possible to determine whether 
a new plant was built directly in response to new legislation or would have 
been constructed in any case, and the EPA figures undoubtedly err on the low 
side. In any case, using their figures we calculate that the level of non- 
pollution control investment in 1975 will actually be below that of 1970. 
Plant and Equipment Spending, Billions of 1958 Dollars 
Total Pollution Control 
1970 77.2 0.6 
1971 76.7 1.1 
1972 83.7 2.0 
1973 94.4 3.3 
1974 94.1 6.6 
1975e 83.2 7.8 
Other 
76.6 
75.6 
81.7 
91.1 
87.5 
75.4 
e = estimated 
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On the industry level, the EPA figures indicate that over 20% of total 
plant and equipment spending represents purchases for pollution abatement 
in the nonferrous metals, paper, and steel industries; the figure is over 
10% for the petroleum, chemicals, and stone, clay and glass industries, and 
is 9% for electric utilities. 
do not take account of premature retirements due to pollution controls; one 
We should also point out that these figures 
estimate (not EPA's) is that two-thirds of the non-captive iron foundry 
industry capacity was shut down by pollution controls. 
Third,the rate of productivity has declined because of the sharp 
decrease in Federal spending on research and development. This percentage 
has declined from a peak of 3.0% in the 1964-1967 period to its 1974 level 
of 2.3%. This point is discussed in detail in the main text of this report. 
It has also been suggested that shifts in the age-sex composition of 
the labor force have retarded the rate of growth of productivity during the 
past ten years. 
secondary workers in the labor force has resulted in a lower rate of growth 
of productivity because these workers have less training ahd experience. 
However, when we tried to measure this effect on the rate of technological 
According to this hypothesis, the increasing number of 
progress adjusted for cyclical swings, we found no significant relationship. 
Instead we determined that the lower rates of growth in productive capital 
stock and the decline in the proportion of GNP spent for research and 
development were the primary factors for the sharp decrease in productivity 
during the past ten years. 
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THE RECESSION OF 1978 
The growth in real GNP over 6% will be finished by the end of 1976. 
This fact by itself occasions no cause for alarm; we have never had a 
period in the postwar economy when real GW grew at an average rate of 
over 6% for more than six consecutive quarters. 
pattern of economic activity settles down to an equilibrium growth rate, 
usually about 4%, while other tines it evolves into another recession. 
However, sometimes the 
While the Federal government has at its command very powerful tools to 
mitigate the swings in economic activity, all indications point to the 
fact that fiscal and monetary policy will contribute to the next recession 
rather than retarding it. We point out that this would represent behavior 
which has been consistent in every single postwar recession. 
The major strands of our recession scenario are as follows: 
1) The rate of inflation will continue to climb until it returns to the 
double-digit range. 
ate in the 1975-76 period in some detail; other factors contributing to a 
higher rate of inflation are discussed below. 
We have already discussed how these factors will oper- 
2) 
a result we expect another severe credit crunch and new peaks for both short- 
Monetary policy will tighten dramatically after the 1976 election. As 
and long-term interest rates. 
3) 
tax cuts of 1975 and 1976 will not be renewed, greater restraints will be put 
on government spending, and an overhaul of the social security system will 
result in greatly increased taxes and some reduction in benefits after 
adjusting for inflation. 
Fiscal policy will switch from stimulative to restrictive in 1977. The 
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4) Sporadic shortages will develop throughout the economy. These are not 
likely to be caused by inadequate amounts of capacity in the basic materials 
industries, but rather by shortages of electric power. Insufficient power 
supplies will lead to serious interruptions of production schedules for 
those industries which depend heavily on electric power. Thus shortages 
of basic materials may occur even though sufficient capacity exists to 
handle normal levels of demand. 
5) 
the 1973-74 period of shortages; that will cause businesses to stockpile 
excessive inventories of key materials. 
will intensify the inflationary spiral, thus encouraging additional buying 
in an attempt to beat further price increases. 
price hikes will increase the probability of wage and price controls, which 
will in turn lead to upward jockeying of price lists by firms so that they 
are not caught in an administration imposed cost-price squeeze. 
The existence of sporadic shortages will recall the tumultous events of 
This speculative increase in demand 
Furthermore, these rapid 
We now discuss each of these points except the first 'in greater detail. 
As evidence continues to mount that the rate of inflation is likely to 
remain in the 7 to 8% range, the Federal Reserve. System will case increas- 
ingly nervous glances in the direction of tighter monetary policy. . 
it is hard to imagine the Fed moving in this direction before the 1976 elec- 
tions, it requires very little imagination to see this move taking place 
shortly thereafter. It is likely that by the end of next year the Fed will 
move to restrict supplies of credit being used for "inflationary" purposes. 
While 
As is usually the case when such events occur, the sector which will 
be most adversely affected is housing. Thus we expect housing starts to 
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decline from a level of 1.6 million starts in 1976 to 1.3-1.4 million in 
1977 and 1.1-1.2 million in 1978. Similarly, substantial declines are 
expected in sales of consumer durables, especially automobiles. 
None of this should be particularly surprising in view of what has 
occurred in 1966, 1970, and 1974. However, we believe that a new wrinkle 
will be added to the scenario this time. 
firms found it necessary to borrow increasing amounts from the banking system 
in view of rising costs and a slackening rate of demand. 
banking system was able to provide the needed funds, which resulted in a 
very rapid expansion in loan demand in the later stages of cyclical expan- 
sion. However, this time it is extremely unlikely that the banking system 
will be able to meet another surge in loan demand. Many banks found them- 
selves in the position of being dangerously over-loaned in 1974; some fairly 
large banks actually had loan/deposit ratios of over 100%. Thus the banking 
system will be unable to expand its loan portfolio yet another time unless 
In previous credit crunches, many 
In the past, the 
it increases its capital base substantially. Yet this seems quite unlikely; 
the principal way of accomplishing this in time for the next recession would 
be through massive floatation of new equity. Yet most banks find that their 
stock is currently selling well under book value, and if our scenario is 
correct it spells further gloom and decline for the stock market. 
result the increase in bank loans will be rather limited in nature during 
the next three years. 
As a 
This leaves only the fixed income security markets. The strain in 
these markets will be unprecedented, and as a result we will see new peaks 
in interest rates, even though the rate of inflation will probably not be 
quite as high as the 13% level reached for the CPI in the latter months of 
1974. Thus during peak periods of monetary tightness, we expect that the 
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prime rate will reach 15% and long-term corporate bond yields will exceed 
13%. Such unprecedented interest rates will clearly lead to a diminution 
in investment demand, which will be a major factor causing the plunge into 
recessionary waters. 
The Federal budget deficit which we have predicted for 1978 is $63 bil- 
lion, which does not seem appreciably lower than current estimates. 
this deficit would decline to only $30 billion if the economy were to con- 
tinue on its 4% growth track during 1977 and 1978; once again, the large 
deficit is due primarily to a decline in taxable revenues and an increase 
in unemployment benefits and welfare payments. We mention this to point 
out that fiscal policy will actually turn somewhat restrictive after the 
elections. While this factor alone would not be sufficient to turn the 
economy around, it does represent a significant switch from the highly 
However, 
stimulatory budget deficits of 1975 and 1976. 
The two major areas in which we expect changes are as follows. First, 
the tax cuts of 1975 and 1976 probably will not be renewed,,since by the end 
of 1976 the unemployment rate will have declined to the 7.5% range and will 
outwardly appear to show signs of declining further. 
of the social security system will have to be handled with realism rather 
than promises. 
Second, the bankruptcy 
As a result of this, we expect the social security taxes 
rates to rise from 5.85% to 6.85% and the income base to rise from $14,100 
to $19,500 in 1977. 
fits will not receive another cost-of-living adjustment in 1977. 
three changes will reduce the Federal budget deficit by approximately $40 
billion on an ex ante basis. 
In addition, we have assumed that social security bene- 
These 
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A minor factor in these calculations will be the decline in Federal 
government purchases in real terms in 1977 and 1978. However, this figure 
has been increasing only modestly during the past few years, as almost all 
of the increase in Federal spending has been due to inflation. Hence this 
amounts to less than $10 billion in terms of reduced budget deficit. 
We now turn to a different type of factor which will add to our reces- 
sionary woes in 1978, which is the shortage of electric power. The one major 
sector of the economy in which virtually everything has gone wrong during 
the past decade is the electric utility industry. Consider what has happened. 
1) Despite consistent shortages in the form of brownouts ever since 1966 
(except for recession years) the industry has been unable to increase capa- 
city faster than the growth in demand. 
utilities cannot raise their margins and double their profits in one year 
like the steel industry did in 1974. 
to borrow the money they needed. 
Since prices are regulated, the 
At one time they might have been able 
However: 
2) Utilities have been net borrowers -- investment has been greater than 
cash flow --since 1964. This period more or less coincides with sharply 
rising interest rates, distorted balance sheets, and more recently fore- 
gone dividends. Since we expect that interest rates will continue to rise 
rapidly in the next three years, utilities will Be severely limited in the 
amount of outside financing which they can undertake. 
3) While costs have risen rapidly for virtually all industries during the 
past year, utilities have been especially hard hit because of the increase 
in fuel prices. While they have in general been able to pass these costs 
F-21 
L Associates, Inc. 
along, some public utility coinmissions are now busy at work determining how 
they can inhibit or prohibit utilities from passing all of the higher fuel 
costs along to consumers. 
squeeze is likely to intensify. 
If this practice becomes widespread, the cost 
4) 
ficant reduction in total demand and substitution through imports and other 
materials. However, none of these options exists in the short run for 
electric power. 
the time of the Arab oil embargo was due primarily to psychological factors 
rather than higher prices. 
A sharp increase in prices for most commodities would result in a signi- 
As we explain below, the sharp decline in power usage at 
5 )  
been for pollution control equipment, which not only reduces capital spending 
for modernization and expansion but also reduces the efficiency of the power 
plants, 
Much of the increase in investment by the electric utility industry has 
6) 
the highest in at least fifteen years, will serve as a further disincentive 
for investment in electric utilities during the next few years. 
The rise in the reserve margin this year to an estimated 32 .7%,  which is 
Thus by the 
time the excess capacity disappears, it will be too late to do anything 
about it, at least for the duration of this business cycle. 
All of these reasons serve as contributing factors to the electric power 
shortages which is likely to occur at the peak of the next cycle in 1978. 
None of the disincentives to invest listed above are about to change in the 
next few months. Thus we are likely to be locked into the problem long 
before it actually surfaces, although the problem is already being actively 
discussed. 
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If we take what we believe to be the most realistic combination of 
demand and capacity estimates, we find an unprecedented shortage of elec- 
tricity by 1978. 
well below not only the 20.8% of 1973 but the 16.6% of 1969, the postwar low. 
Under this condition we would certainly have power shortages and a resultant 
slowdown in industrial production, substantial shortages, and another severe 
recession. 
The reserve margin at peak load time would be only 15.8%, 
If the shortages of electric power are as severe as we have indicated, 
we are likely to see shortages in many basic raw materials which depend 
heavily on energy whether or not they have adequate capacity in place. 
Some of the problems may be solved by relying more heavily on imports of 
these commodities. However, if the U. S .  is forced to go heavily to the 
import market, this is likely to set up a chain reaction of speculative 
hoarding among other nations of the world, which will worsen the situation. 
Even if the shortages caused by power interruptions would be only sporadic 
in nature, uncertainty about sources of supply will clearly lead to exces- 
sive inventory accumulation. Thus shortages of major materials are still 
a distinct possibility during 1977 and 1978, although for a different set 
of reasons than was the case in 1973 and 1974. 
If all of these factors actually do occur, we are almost certain to 
have an intensification of the panic buying and speculation which occurred 
in 1973 and early 1974. 
normal peak demands, it will not be able to keep up with the short-term 
Thus even if capacity is sufficient to handle 
surge in speculative demand. 
situation, as firms will stockpile goods which they do not need just in 
case the materials are not available at a later time. We will thus have 
These shortages will clearly exacerbate the 
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an overaccumulation of inventories which will be similar, although probably 
more severe, than the stockpiling which occurred last year. 
It is not particularly useful to speculate whether this combination 
of speculative buying and rapidly rising prices will bring another round 
of wage and price controls; that depends critically on the political nature 
of the President and Congress. 
businessmen will be expecting them because of the renewed double-digit infla- 
tion. This sort of behavior occurred last fall, when the vast majority of 
businessmen expected reimposition of controls. 
occurred, it contributed to inflation by causing businessmen to raise their 
prices before they became locked into fixed list prices which became unrealis- 
tic as uncontrolled costs continued to rise. Thus firms will raise their 
prices in anticipation of controls; this will worsen the inflationary spiral 
even more. 
Yet even if controls are not reimposed, most 
Even though no such thing 
All these forces will cumulate in another major recession. While the 
exact magnitude is still somewhat hard to define, due both to problems of 
timing and incomplete information about how the Federal government will 
react, it is likely that GNP will decline for at least four quarters in 
a row and the unemployment rate will top 10%. If the recession were to be 
as severe as the one which is just now ending, the unemployment rate would 
rise to the 12% level. 
President and Federal Reserve Board Chairman push the economy further in 
the wrong direction. 
Even higher levels are possible if a badly confused 
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1980 AND BEYOND 
Unlike many gloom and doom fanatics, we do not see the end of the world 
occurring in 1978, just another serious recession. The U. S. and world 
economies will recover sometime in 1979, just as they have recovered from 
the most recent recession. What happens after that depends critically on 
fiscal and monetary policy, and in particular the direction which they take 
with regard to capital spending. 
Lying at the root of the recent recessionary problems has been an 
inability of the economy to generate increases in productivity. 
the real wage of the average worker declined almost 10% during the past two 
years and is now lower than it was in 1964. 
As a result, 
Frustrated, the worker has pushed 
for higher wages and tax relief. 
dissipated into higher prices, while tax relief has come at the expense of 
investment through higher interest rates in capital markets. Since a higher 
nominal wage rate pushes the taxpayer into a higher marginal tax bracket, he 
has less purchasing power on balance even if wages and prices rise by the 
same amount. 
However, higher wages have immediately been 
The only way to break this vicious spiral is to return to the period 
when productivity rose approximately 3% a year, rather than the 1% per year 
average which has occurred since 1966. This can be accomplished by two major 
changes. 
and of investment to GNP. 
bility frontier through greater knowledge, which can be accomplished primarily 
through increased spending for R 6 D. 
been to document the strong relationship between increased R G D spending 
and higher rates of increase in productivity. 
First, we need to increase the ratio of investment to consumption 
Second, we need to expand the production possi- 
The major finding of this study has 
Associates, Inc. 
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Investment cannot prosper in an atmosphere where the tax climate 
encourages present consumption at the expense of capital formation. 
this trend continues. 
of this; of the $22.8 billion in tax reduction, $20 billion went to con- 
sumers while $2.8 billion went to businesses. We do not consider this a 
balanced tax cut, although there is little doubt that increased fiscal 
stimulus was needed, largely to redress the imbalances caused by overly 
stringent monetary policy during most of 1974. However, obvious inequities 
such as double taxation, which are not found elsewhere in the industrialized 
world, need to be eliminated or completely revamped if we are to redirect 
the economy toward a higher area of investment. 
Yet 
The Tax Reduction Act of 1975 was a good example 
The case for higher R & D spending has been amply documented in the 
main text and does not need to be repeated here. 
results that private R & D has a much smaller effect in increasing the rate 
of technology, partially because it is designed toward increasing the pro- 
However, we found in our 
fits of one particular company and hence does not contain valuable spillover 
effects. 
to R & D would, we believe, pay very substantial dividends in terms of 
increasing productivity and the real wage, hence raising real growth while 
reducing the rate of inflation. 
Thus a greater proportion of the total government budget devoted 
At this point we cannot tell which of the two paths will be followed by 
the U. S. economy in the 1980's. In our standard forecast, which is contained 
on the following pages, we have opted for the most optimistic scenario, and 
have the unemployment rate returning to 6% by the end of the ten-year simula- 
tion period. However, there is clearly no guarantee that this will occur. 
If Congress decides to tilt the economy further in the direction of higher 
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ratios of private and public consumption to investment, we will undoubtedly 
find ourselves heading in the direction of zero per capita growth, and the 
U. S. will be reduced to the economic power of a somewhat larger Great 
Britain. 
, 
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Appendix G 
Simulations of the Macroeconomic Model for Increases in 
NASA R 6 D Spending of $1.0 Billion, $0.5 Billion, and $0.1 Billion 
In this appendix we present the complete simulations of the Chase 
Econometrics macroeconomic model under alternative hypotheses about NASA 
R G D spending. In each case we made proportional changes as follows: 
1) 
by $1.0 ($0.5, $0.1) billion in 1958 dollars. 
We raised Federal government purchases of nondefense goods and services 
2)  We adjusted the term for maximum output in the economy by proportional 
factors given in the text. 
R E D spending and any changes in y. 
2 yrs"  refers to this fact. 
output in the economy is the 56th equation in the model. 
model contains 125 stochastic equations and 105 exogenous variables. 
of the stochastic equations can be adjusted by changing the value of the 
constant term in that equation. 
In each case we used the two-year lag between 
Thus the title 1fC56 changes lagged 
C56 indicates that the adjustment for maximum 
Altogether the 
Each 
The summary statistics for each of these runs are given in Tables 4.2 - 
We have included the complete simulation results in this appendix so 4.4. 
that the reader may compare any of the 465 variables in the model which are 
not given in these tables. 
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